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Writhe vs. Twist (Berger & Prior :2006)

2

Tuesday, September 6, 2011



CDAW 2011

Magnetic clouds:

    *  1/3 of ICME         

    *  low temperature,

    *  low density,

    *  decreasing speed,

    *  and low plasma beta: β << 1,

    *  a strong, smoothly rotating magnetic field
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Background 
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Data
  Simulations: 
    *  Jacobs et al (2009)
        Writhed magnetic field lines
        Dipole

    * Jacobs  (PC)
       Writhed magnetic field lines
        Quadropole

Jacobs et al (2009)

Differences: 
1- Topology of the active region
2- Strength of the overlying magnetic 
field, 
3- Pressure/density/velocity distribution 
in the solar wind.
4- Different speed of the MC
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Data
    * Jacobs et al (2009)
      3 synthetic satellites at 15Rs
         (0,15,0) (2,15,0) (-2,15,0)

    * Jacobs (PC) (Quadruple case )
       3 synthetic satellites at 15Rs
        (15,0,0) (13,7.5,0) (13,-7.5,0)
     
       3 synthetic satellites at 70Rs
        (70,0,0) (60.6,35,0) (60.6,-35,0)
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Data: Jacobs (PC)
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       MHSE :  ∇p = j × B

        ∇.B=0, ∇ × B= μ j

      ⇒ ∂∕∂z ≈ 0

  

    B=[∂A/∂y, -∂A/∂x, Bz(A)]

⇒ p = p(A), Bz= Bz(A) and
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  * Grad-Shafranov         

  * Force Free & Variations

    -Linear FF

    -Non-linear FF

  * Non Force-Free  Elliptical

  * Torus

Magnetic field Reconstruction Methods
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       MHSE :  ∇p = j × B

        ∇.B=0, ∇ × B= μ j

      ⇒ ∂∕∂z ≈ 0

  

    B=[∂A/∂y, -∂A/∂x, Bz(A)]

⇒ p = p(A), Bz= Bz(A) and

   

                                                                       Moestl et al. (2009)

Hu & Sonnerup (2002)
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Magnetic field Reconstruction Methods
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 Simulation Data  of 
writhed magnetic field 
lines

Magnetic field 
reconstruction GS 
Code

?

Twisted flux rope 
or writhed field 
line?

Project
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The Magnetic Clouds

Dipolar case Quadrupolar case
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Results
MF Reconstruction of Jacobs et al. (2009):
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long: 109.07, lat: -6.45 long: 70.50 and lat: -6.01  long 111.79 and lat -10.23
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Results
MF Reconstruction of Jacobs (PC) 15Rs:

long: 70.42 and lat: -13.40 long: 121.12 and lat: -5.03 long: 61.88 and lat: -7.86 
12
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Results
MF Reconstruction of Jacobs (PC) 70RS:

long: 95.57 and lat: -9.85 long: 86.63 and lat: -4.81 long: 81.41 and lat: -7.86 )
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Results
MF Reconstruction of Jacobs (PC) 15Rs:
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Results
MF Reconstruction of Jacobs (PC) 70RS

16
Tuesday, September 6, 2011



CDAW 2011

MF Reconstruction of Jacobs & Poedts (2011) 15Rs, 70Rs:

The big picture
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Reconstruction results 
are consistent with 
each other

Tuesday, September 6, 2011



CDAW 2011 18
Tuesday, September 6, 2011



CDAW 2011

Conclusions:
*For each case, axes of the cloud as observed by the three 

different satellites are consistent with each other and descriptive 

of a typical shape of a MC. 

*The MF reconstruction using the best code existing, has yielded 

a helically twisted magnetic field, which is a structure typical of 

an observed magnetic cloud. 

*Magnetic clouds can be created from magnetic fields with 

signicant writhe and little twist. 

*Thus, the current paradigm of associating magnetic clouds with 

twisted flux ropes has to be revised. 
19
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• How can different separation and orientation 
help us distinguish between writhed and 

twisted magnetic field?

Current Work
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Data: Jacobs (PC) (Quadruple case )

  3 synthetic satellites at 15Rs
  (14, 0, 5) (12, 7, 5) (12, -7, 5)
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Results:
MF Reconstruction of Jacobs (Private Communication) 15Rs:

longitude: 124.37 and latitude: -14.17 
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Results:
MF Reconstruction of Jacobs (Private Communication) 15Rs:

longitude: 156.82 and latitude: 38.14 
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Results:
MF Reconstruction of Jacobs (Private Communication) 15Rs:

longitude: 47.37 and latitude: -24.92 
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Correlation..?
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Correlation..?
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Farrugia et al. 2011
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Correlation..?
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Latitude
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Correlation..?
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Latitude Farrugia et al. 2011
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